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1. Introduction 

This report describes the continued exploratory development program conducted by 

Honeywell on the Electronic Joint Army/Navy Point Detonating/Delay Fuze. 

Honeywell engineering, technician, drafting, and support personnel expended 1133 

hours in a nine month period towards the design and evaluation of several sub- 

systems required for the Electronic JAN PD/D fuze. 

Honeywell achieved excellent results in many program areas. The integrated shock 

tower system was constructed and used to document proper setback sensor perform- 

ance. A revolution sensor task was completed which evaluated a high production 

magnetometer and several other revolution sensor candidates. This task resulted 

in the development of a new pole piece revolution sensor which has advantages 

over any other candidate studied. We developed a Low Voltage Detector to achieve 

fuze cleanup and a demonstrator model to demonstrate the environmental sensor 

operation. The model demonstrates the setback, revolution spin rate detector, 

revolution counter, and super quick or auto delay impact features used on the 

Electronic JAN PD/D fuze. Honeywell and Navy personnel conducted a programmable 

feasibility task which revealed additional development is needed before the 

Electronic JAN PD/D fuze revolution sensor can be used as a receiver link for a 

magnetically coupled Multi-Option fuze. Honeywell did not conduct power supply 

tests to demonstrate fuze feasibility due to Explosive Barrier Module program 

uncertainty and hardware limitations. 

This report focuses on testing Honeywell completed during this program, but also 

includes a limited discussion of the previous effort we conducted under the 

initial exploratory program, contract number DAAK10-80-C-0049. We included the 



Electronic S&A and Fuze Packaging sections to present a complete understanding of 

the overall Electronic Joint Army/Navy Point Detonating/Delay Fuze concept. 

2. Setback Sensor 

A piezoelectric transducer was chosen for the JAN PD/D fuze setback sensor 

because feasibility of this approach has been demonstrated by Honeywell's 

Electronic S&A Internal Development program. A piezoelectric crystal performs 

as a transducer by converting mechanical stress into an electrical impulse so a 

setback sensor can be constructed by placing a weight above a piezoelectric 

crystal and monitoring the crystal output. Setback acceleration causes the 

weight to stress the piezoelectric crystal which generates an output propor- 

tional to the setback acceleration encountered. Integration of the 

piezoelectric crystal output assures the setback force encountered is actually 

caused by gun launch and not a forty foot drop on concrete or random handling 

shock. Figure 2-1 shows a typical piezoelectric sensor and signal discriminator 

circuit with several waveforms to detail theoretical circuit operation. A load 

capacitor {C^) is placed in parallel with the piezoelectric crystal to decrease 

crystal output for large applied forces and a clipping diode is used to prevent 

large voltages from damaging the threshold detector circuit. A rectifying diode 

enables evaluation only of the important positive slope portion of the accelera- 

tion curve and the resistor controls the capacitor charging rate for integration 

of the piezoelectric crystal output. 

The first waveform in Figure 2-1 shows the relatively short duration of an 

accidental drop on concrete compared to a valid setback acceleration curve. The 

second waveform shows how the clipping diode limits the voltages to 10 volts and 
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the third waveform shows the setback and accidental drop charge curves in rela- 

tion to the encountered setback acceleration curve. The accidental drop charge 

curve never reaches the required threshold to trigger due to short accidental 

drop pulse duration, but the setback charge curve reaches the required threshold 

and triggers the Explosive Barrier Module number 1 driver, as shown in waveform 

four. This demonstrates how the Honeywell designed signal discriminator rejects 

an accidental drop, but accepts a valid setback acceleration. 

A piezoelectric crystal outputs a voltage which is related to several factors 

such as: crystal size, crystal sensitivity, setback weight, setback force, and 

external capacitance. A Piezoelectric Setback Sensor Program was written for a 

programmable HP-41C calculator to calculate the crystal output voltage given by 

equation 1. The calculator program and equation derivation are presented in 

Appendix A and Appendix B includes a voltage table program used to generate a 

table of output voltages for various setback accelerations and external load 

capacitances. 

out    = 
^(^nJ^ X k,f X P,,+ X setback )/9.80m\ x /^4536j<i\ x d,, 
___P2_       wt       wt [J^c^j     \^lhj       33 

Tr(d    )^ x e    x /'2.54cm'\ + C    . ^  pz' 0     ( —-■ )       ext :    X /'2.54cmA + 

1 V^J 

The Army requirement for the JAN fuze is all arm at 600 g's and no arm at 400 g's;' 

therefore the JAN signal discriminator must detect various amplitudes with 

similar pulse durations. For this application, the discriminator components are 

chosen so a 600 g setback pulse will produce a piezoelectric sensor output which 

will enable the integrator capacitor to charge above the threshold voltage while 

a 400 g setback pulse will not produce a piezoelectric sensor output sufficient 



to charge the integrator capacitor to the threshold voltage. This will enable 

discrimination of various amplitude setback pulses and conformance to the speci- 

fied JAN setback requirements. 

The JAN setback sensor uses a C-16 type piezoelectric crystal (see Table 2-1 for 

specifications) 0.185" diameter x 0.125" length. The cylindrical shaped piezo- 

electric crystal is mounted with a 0.185" diameter x 0.100" long steel weight 

above it. Electrical connection to the piezoelectric crystal electrodes are made 

by a flexible circuit and the assembly is mounted in a fixture suitable for shock 

tower testing. A piezoelectric crystal is most sensitive when prestressed to 

1500 psi, so Honeywell included a prestress screw in the fixture for this pur- 

pose. (An alternate method used on the Advanced Lightweight Torpedo program uses 

a C-spring assembly for prestressing the crystal.) 

Table 2-1. Crystal Specifications 

Material 

Diameter 

Thickness 

Poling Direction 

•^33 

C-16 Type 11 PZ-PT 

0.185 + 0.002" 

0.125 + 0.001" 

Through Thickness 

400 pcoulomb/Newton 

A signal discriminator for the JAN fuze was constructed and connected to a 

threshold detector which was powered by a 9V battery. When the threshold 

detector input exceeded the reference voltage, a latch was set which turned a LED 

on to indicate an accepted pulse. The output of the latch was connected to a 

monitor line so discriminator acceptance v.s. shock pulse could be recorded on an 



oscilloscope. This data is valuable because it shows when the circuit sets for a 

particular shock pulse. 

The JAN setback sensor, signal discriminator, display circuit, and battery were 

mounted to an aluminum plate and this integrated setback sensor. Figure 2-2, was 

mounted to the shock tower and tested. Before valid data could be collected, the 

piezoelectric crystal had to be prestressed to its sensitive operating point, as 

previously discussed. A torque wrench indirectly recorded the crystal prestress 

force since no direct method of measuring crystal prestress force was readily 

available. (This procedure was deemed adequate since the objective of this test 

was to demonstrate shock pulse differentiation, not accurate measurement of 

crystal prestress force.) The piezoelectric sensor output was connected 

directly to the threshold detector without an integrator. The time for the 

sensor output to reach an arbitrarily selected 3.9V reference level and turn the 

circuit on by setting the latch was recorded for various torques. 

As can be seen from the data in Table 2-2, a torque applied to the prestress screw 

of zero or two inch pounds resulted in the setback sensor output reaching the 

3.9V reference (and setting the latch) in 1.2m seconds. Increasing the applied 

torque to 6 or 8 inch pounds resulted in the latch setting in approximately 0.3m 

seconds, which indicated increased setback sensor sensitivity. The output of the 

JAN setback sensor without an integrator or threshold detector connected was 

compared to the output of the shock tower accelerometer. Figure 2-3, and the 

positive slope portion of the JAN sensor was sufficiently similar to the 

accelerometer positive slope portion therefore, testing was conducted with the 

setback sensor prestress screw torque equal to eight inch pounds. 



FIGURE 2-2. SETBACK TEST ASSEMBLY 
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Figure 2-4  Integrated Setback Sensor Circuit 



Tab! e2-2 

Prestress Test Data 

Peak G's Time to Peak Set Time 

733 1.80 msec. 1.24 msec 

700 1.72 msec. 1.23 msec 

724 1.69 msec. 0.43 msec 

754 1.55 msec. 0.29 msec, 

714 1.64 msec. 0.33 msec, 

Applied Torque 

0 in-lbs 

2 in-lbs 

4 in-lbs 

6 in-lbs 

8 in-lbs 

Engineers connected the setback sensor to an integrator, threshold detector, and 

display circuit as shown in Figure 2-4. The load capacitor was not required 

since the piezoelectric crystal output was in a sufficient range without further 

loading. The 33 pF capacitor and the capacitance of the clipping diode summed to 

a value sufficient for proper integration. (The HP-41C calculator programs were 

of limited use due to the unpredictable capacitance of the clipping diode.) We 

used a 6.2V reference level for the circuit turn on threshold and selected a 4-5 

msecond pulse duration to represent typical setback because no pulse duration was 

specified. 

The integrated setback sensor circuit was tested and the data in Figures 2-5 to 

2-8 show proper circuit operation. The graphs show the discriminator rejected 

440 and 466 G pulses (Figures 2-5 and 2-6), but accepted 575 and 639 G pulses 

(Figures 2-7 and 2-8). The circuit set on the peak of the 575 G pulse and 

slightly before the peak of the 639 G pulse. This data demonstrates the circuit 

will reject a pulse less than 466 G's and will accept a pulse greater than 575 G's 

so the integrated setback sensor has demonstrated compliance to the 400 G no arm 

and 600 G all arm requirements. 
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The integrated setback sensor circuit was also tested to forty foot type drop 

conditions. The forty foot drop was simulated by subjecting the integrated 

setback sensor to a 2000 G, 0.5 msecond (zero to peak) pulse. The integrated 

setback sensor did accept the pulse as valid, but this result does not imply the 

fuze would fail a forty foot drop test because the 0.5 msecond (zero to peak) 

pulse may not be typical of a drop test. Also, the fuze will only arm when the 

environmental setback supply is initiated, when the proper 1700 RPM spin rate is 

detected, and when the proper number of revolutions has been counted. ' The spin 

rate and number of revolutions environments would probably not be encountered in 

a forty foot drop test so the integrated setback sensor acceptance of the 

simulated forty foot drop pulse is not a concern at this time. We conducted the 

test for completeness of data. 

3. Revolution Sensor 

A revolution sensor is an electronic system which senses and amplifies the 

earth's magnetic field polarity reversal caused by the revolving of a projectile 

in flight. The revolution sensor outputs a signal with a frequency proportional 

to spin rate and this output can be used to determine projectile safe separation 

distance or projectile spin rate. Projectile safe separation distance can be 

determined by counting the projectile revolutions because the distance of travel 

per revolution is known, so counting revolutions relates to a fixed distance of 

travel. Projectile spin rate can be classified as all-arm or no-arm by comparing 

the frequency output of the revolution sensor to a standard time base. A 

frequency higher than the standard indicates a proper spin rate so the fuze is in 

the all-arm spin rate mode, while a frequency lower than the standard indicates 

low spin rate and puts the fuze in the no-arm mode. 

12 



Several types of magnetic sensors are available which can sufficiently detect the 

earth's magnetic polarity reversal associated with projectile spin. The ideal 

requirements for a JAN fuze revolution sensor are: 

0 Sense spin rates from 1000 to 30,000 revolutions per minute 

0 Spin sensitivity regardless of flight direction 

0 Low power 

0 Low cost 

0 Small size 

0 Suitable for high volume production 

The magnetic sensors studied to date include: air core sense coils, magneto- 

resistive bridge magnetometers, pole piece magnetometers, and magnetometers 

currently used in high volume mine production programs. We constructed a 

versatile spin fixture for evaluation of the JAN revolution sensor candidates. 

3.1 Spin Fixture 

The spin fixture was constructed to enable spinning of sensor candidates at 

various spin rates and directions. A precise motor speed control was used to 

regulate the motor C.W. or C.C.W. direction spin rate from 0 to 3000 rpm. The 

motor was mounted to an aluminum section which could be adjusted and held to 

various angles above horizontal. The sensor candidates were placed in an ogive 

which connected to the motor via a four foot aluminum shaft, used to minimize 

motor to sensor interference. A cavity below the ogive contained the revolution 

sensor amplifier and electrical connection from the amplifier to the monitoring 

equipment was made via three carbon brush contacts.  Testing in any compass 

13 



direction could easily be conducted because the entire spin fixture assembly was 

mounted to a portable cart. 

A photograph of the fixture and motor speed control unit is shown in Figure 3-1. 

The photograph was taken in front of storage cabinets so the vertical lines shown 

are cabinet door edges and not part of the spin fixture. The motor speed control 

is in the lower portion of the picture and the motor is on the right. The ogive 

and electronic cavity are shown at the end of the aluminum shaft just after the 

brush contact assembly at the upper left. The shaft on the left third of the 

picture which is tilted slightly to the right is a threaded shaft, used to hold 

the ogive and motor assembly at a particular angle during testing. The angle 

above horizontal adjusts by raising or lowering the support nuts on the threaded 

support shaft. 

The spin fixture was used extensively for sensor evaluation. Sensor candidates 

were evaluated by determining how close the sensor spin axis could be to an 

orientation parallel to the earth's lines of flux for revolution detection. The 

sensitivity window was defined as that region where a non-saturating amplifier 

output was observed and was recorded for each sensor test. We found that this 

procedure was most accurate since the data reveals true sensitivity and not 

merely relative performance determined by comparing one candidate to another. 

For testing conducted at the Honeywell facility in Hopkins, Mn., we collected the 

sensitivity data with the spin fixture pointing parallel to the incoming lines of 

flux, approximately south at 70°. The sensitivity window was determined by 

recording the angles which produced no sensor output so the sensor performance 

could be accurately determined and reported. The method was used for all sensor 

evaluations. 
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FIGURE  3-1.    JAN SPIN  FIXTURE 
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3.2 First Program Development 

Honeywell evaluated three revolution sensor candidates in the first JAN fuze 

initial exploratory development program (contract DAAK10-80-C-0049), completed 

in October of 1980. During the first program, some air core sense coils were 

obtained from a previously conducted Honeywell Internal Development program and 

designated as "old coils." Two old coils were connected in series to make a 

revolution sensor and each coil was constructed with 250 turns of #26 wire wound 

in a 2 1/2" x 1" oval shape. Two "new coils" were constructed in the first 

program and also connected in series to make a revolution sensor. Each new coil 

was built with 1000 turns of #44 wire wound in a "horse collar" shape approxi- 

mately 2" high with a 1 1/2" base. The third revolution sensor evaluated in the 

first effort program was a magnetoresistive bridge magnetometer, or MRB. The MRB 

sensor is an integrated magnetometer consisting of four Nickel-Iron (NiFe) thin 

film magnetoresistors connected in a bridge configuration. Each magneto- 

resistive element is biased and changes resistance when an external magnetic 

field is detected resulting in a resultant MRB output signal proportional to the 

magnetic field encountered. The major advantage of this device is its small size 

and process compatibility with integrated circuit technology which would enable 

the MRB and amplifier to be fabricated on one integrated circuit. This results 

in a high volume and low cost potential inherent with large scale integrated 

circuits. 

In the first program, engineers tested the old coils, new coils, and MRB devices 

to determine sensor output as a function of spin rate. The sensors were 

connected to a 55 db spin rate amplifier. Figure 3-2, operated from a 10 volt 

supply and testing was conducted with the spin fixture pointing south at 30° and 
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TABLE 3-1 

REVOLUTION SENSOR OUTPUT V.S. SPIN RATE (RPM) 

South at 30° West at 0° 

RPM MRB Old Coi' s  New Coils MRB Old Coil ̂  New Coils 

200 0.5 0.2 0.2 0.6 0.3 0.2 

400 1.0 1.0 0.6 1.2 1.3 0.7 

600 1.5 2.2 1.2 1.8 2.7 1.7 

800 2.0 4.0 2.3 2.4 4.6 3.6 

1000 2.5 5.0 3.5 3.0 7.5 4.5 

1200 3.0 8.5 5.0 3.6 10.0 7.0 

1400 3.5 10.0 7.2 4.2 10.0 9.0 

1600 4.0 10.0 9.5 5.0 10.0 10.0 

1800 4.5 10.0 10.0 5.5 10.0 10.0 

2000 5.0 10.0 10.0 5.0 10.0 10.0 

(V.^ = 10.0 Volts) 

FIGURE 3-2. SPIN RATE AMPLIFIER 
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pointing west at 0°. The data is presented in Table 3-1 and shows the MRB is 

slightly more spin rate sensitive than the new coils. We determined that the 

data revealed no significant performance variances so sensitivity window testing 

was conducted. 

The first program sensitivity window tests were conducted with the amplifier gain 

increased, so easy saturation was possible. The tests were conducted for 

decreasing amplifier input voltages because the JAN fuze supply voltage is 

expected to decrease during flight. The sensitivity window was determined and 

recorded for all candidates. Those results are presented in Table 3-2 and the 

amplifier circuit used is presented in Figure 3-3. 

The MRB was not as sensitive as either coils. This fact, in addition to the 

required bias current (150 uA), caused us to drop the MRB from contention as the 

revolution sensor. The new coils had better performance than the old coils at 

low amplifier input voltage levels which, in addition to the larger size of the 

old coils, caused them to also be rejected as the JAN revolution sensor. This 

conclusion ended the revolution sensor development of the initial exploratory 

development program, but revolution sensor development continued in the 

continued exploratory development program described by this report. 

3.3 Second Program Development 

Engineers studied three' types of revolution sensors in this continued 

exploratory development program: air core sense coils, pole piece magneto- 

meters, and RAAM (Remote Artillery Antiarmor Mine) magnetometers. We 

investigated the sensitivity effects of mounting orientation, spin fixture 
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TABLE 3-2. FIRST PROGRAM SENSITIVITY WINDOW DATA 

VOLTAGE IN 

10.0 

9.5 

9.0 

8.5 

8.0 

7.5 

7.0 

6.5 

5.0 

5.5 

5.0 

4.5 

4.0 

M.R.B. WINDOW 

67° 

57° 

67° 

67° 

67° 

67° 

67° 

57° 

- It 
- 11' 

- 72' 

- 11' 

- 11' 

- 11' 

- 11' 

- 12' 

67^ - 12' 

57° - 12' 

66^ 

66' 

73^ 

73^ 

65^ - 73' 

OLD COIL WINDOW 

69^^ - 

69° - 

71° 

71° 

69" - 71^ 

69° 

69° 

69° 

71° 

71° 

71 0 

69" - 71^ 

68° - 12' 

67' 73' 

66" - 75' 

64° - 76^ 

63° - 77' 

63^ 77' 

NEW COIL WINDOW 

59° - 71° 

&9° - 71' 

69' 71' 

69° - 71° 

69° - 71° 

69° - 71° 

69' 71' 

69° - 71° 

68° - 72° 

58° - 72° 

67' 73' 

67° - 73° 

67^ 73' 

NOTE-: All tests done with fixture pointing south 

spin rate = 1000 rpm 

FIGURE 3-3. REVOLUTION SENSOR AMPLIFIER 
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aluminum ogive presence, penetrator presence, and sensor construction. The 

development and evaluation of many sensor candidates resulted in the definition 

of a JAN fuze revolution sensor which is small, sensitive, and easily adaptable 

to current high volume production technology. 

One type of revolution sensor candidate which was unsuccessfully tested was the 

low cost RAAM magnetometer currently being volume produced by Honeywell for the 

FASCAM program. The magnetometer consists of a torriod core wound with wire 

which is encapsulated in a small plastic package. In the normal mode of opera- 

tion, the magnetometer is pulsed by an oscillator and driver circuit and a 

magnetic anomaly output is generated after rectifying and filtering. The JAN 

fuze does not have power available to operate the RAAM magnetometer in the active 

mode, so we conducted testing to determine if this high volume, low cost device 

would sufficiently operate in a passive mode as a revolution sensor. The program 

engineers spin fixture tested single and dual magnetometers in many mounting 

orientations to evaluate performance. The magnetometers were connected to the 

amplifier in Figure 3-3 and spun at 1000 rpm, but no output was detected unless a 

magnet or screwdriver was brought within a few inches of the device under test. 

We therefore rejected the RAAM magnetometer as a JAN fuze revolution sensor 

candidate. 

Engineers found acceptable results when they conducted single and dual air core 

sense coil tests. The single v.s. dual tests were done with 500 turns of #37 wire 

coils and indicated the dual system sensitivity was much better than the single 

system sensitivity. Testing was conducted with and without the aluminum ogive 

for the 500 turns of #37 wire dual coil setup. The results indicated a minor 

sensitivity difference due to the ogive presence. A dual coil 1000 turns of #44 
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wire system was compared to a dual 500 turns of #37 wire system and the results 

indicated the 1000 turns of #44 wire coils performed slightly better than the 500 

turns of #37 wire coils. A data summary is presented in Table 3-3 and the table 

shows it is possible to get revolution window sensitivity of + 1° when using the 

air core sense coils. 

The testing was conducted with the coils mounted on a wooden holder which was 

attached to the spin fixture. Engineers wanted to determine what effect the fuze 

penetrator would have on coil revolution sensing performance so a 739 penetrator 

(made from 1144 steel) was obtained and mounted to the spin fixture. We 

conducted three performance tests with two 500 turn #37 wire coils, where the 

coil position relative to the penetrator was varied. The coils were mounted 

towards the penetrator base for test 1, half way up the penetrator for test 2, 

and towards the top for test 3 as shown by Figure 3-4. The penetrator 

sensitivity window test data. Table 3-4, shows negligible differences due to 

relative coil position. The penetrator v.s. nonpenetrator present data shows 

slightly increased sensitivity due to the presence of the penetrator so the 

penetrator attracts flux lines, thereby improving coil performance. 
I 

The final type of revolution sensor candidate studied was a pole piece magneto- 

meter constructed by winding wire onto a ferrous core. The sensitivity of the 

pole piece is governed by the length over diameter ratio, number of turns of 

wire, and pole face area. Honeywell engineers constructed a pole piece 

magnetometer from a 7/16" diameter steel rod cut to a 1" length. The rod was 

machined to a "hourglass" shape to enable winding of more wire and the pole piece 

was mounted orthogonal to the spin axis on the spin fixture. The two leads of the 

pole piece were connected to the input of the revolution amplifier previously 
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TABLE 3-3 

COIL SENSITIVITY WINDOW V.S. 

AMPLIFIER INPUT VOLTAGE 

Notes: 1) All voltages are in volts 

2) Spin rate = 1000 rpm - 

3) Sensitivity window-is in degrees 

4) Test 1 

5) Test 2 

5) Test 3 

7) Test 4 

2 coils, 1000 turns #44 wire each, with ogive 

1 coil, 500 turns #37 wire, without ogive 

2 coils, 500 turns #37 wire each, with ogive 

2 coils, 500 turns #37 wire each, without ogive 

 jr 

Vin 
Test 1 
Wi ndow 

Test 2 
Window 

Test 3 
Window 

Test 4 
Window 

4.0 

4.5 

69.5 - 72.5 

70-72 

67 - 77 68 - 72 68 - 72 

5.0 

5.5 

67.5 - 76.5 

y 

69 - 72 

6.0 67.5 - 76 

5.5 •v «' 

7.0 68 - 75 
1 

70 ■ • 72 

7.5 

8.0 
- 

8.5 
^ f ■      ^ 

9.0 68.5 - 75.5 69 - 71 

9.5 
^ 

^ 69 - 75 •4r 
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FIGURE 3-4. PENETRATOR TEST ORIENTATION 

Sensing 
Coils 

Sensing 
Coils 

Test 1 Orientation Test 2 Orientation Test 3 Orientation 

TABLE 3-4. 

COIL PENETRATOR V.S. NON PENETRATOR SENSITIVITY DATA 

Vin 

4.0 

5.0 

5.0 

7.0 

8.0 

9.0 

10.0 

Test 1 
Window 

70-72.5 

70-72.5 

70-72.5 

70-72 

70-72 

70-72 

70-72 

Test 2 
Wi ndow 

69.5 -72.5 

69.5 -72.5 

70-" 72.5 

70- -72 

70- -72 

70- ■72 

70- -72              I 

NOTE: Sensitivity window is in degrees, input voltage is in volts, and 
sp.in rate was 1000 rpm. 

23 



used and tested with the pole piece mounted above the penetrator described in 

previous testing. The spin fixture ran at 1000 rpm while pointing south and the 

sensitivity windows for various pole pieces were recorded. 

The first hourglass pole piece tested was constructed with 1000 turns of #37 

wire. The sensitivity of this device was + 5° at an amplifier voltage of 4.0 

volts and + 3° at 10.0 volts. A second pole piece was built from 2000 turns of 

#37 wire and the sensitivity of this device ranged from approximately + 3° to 

+ 1.5°. The 2000 turns of #37 wire filled the pole piece core so a third pole 

piece was constructed from 2000 turns of smaller #44 wire. This device had a 

sensitivity range of approximately + 3° to + 1.5° and had room for additional 

wire, so a fourth pole piece was constructed. The pole piece core was wound with 

#44 wire until it was filled to a near cylindric shape, which occurred at 6000 

turns. We determined that this device performed slightly better than the best 

air core sensing coils, which were constructed from 1000 turns of #44 wire each. 

We attempted to reduce the pole piece mass by using a "dumbell" shaped core. 

Several dumbell pole piece cores were machined from a 7/16" diameter steel rod. 

The 1" long cores, wound with 6000 turns of #44 wire, were tested with the same 

setup as the 6000 turns of #44 wire hourglass pole pieces. The pole piece 

sensitivity data is presented in Table 3-5. As shown by the test data, the 

dumbell shaped pole piece does not perform as well as the hourglass pole piece. 

Improved dumbell pole piece performance could be obtained by winding additional 

wire onto the core, but the density of wire is greater than the density of the 

steel rod so additional wire would increase pole piece weight. Therefore, the 

best performance to weight ratio is obtained by using the hourglass 

configuration. 
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TABLE 3-5 

POLE PIECE SENSITIVITY WINDOW DATA 

Amplifier 
Voltage 

Hourglass Pole Piece Data 

Vin 
1000 T 

#37 Wire 
2000 T 

#37 Wire 
2000 T 

#44 Wire 
6000 T 

#44 Wire 

4.0 66-76 68.5-74 69-74 69.5-72 
5.0 66.5-75.5 68.5-74 69.5-74 69.5-72 
5.0 67-75.5 69-74 70-74 70-72 
7.0 67.5-75 59-74 70-73.5 70-72 
8.0 67.5-75 69-73.5 70-73.5 70-72 
9.0 67.5-74 70-73 70-73.5 70-71.5 

10.0 58-74 70-73 70-73 70-71.5 

Amplifier 
Voltage 

Vin 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

Barbell Shape 
Pole Piece 
6000T, #44 Wire 

69.5 

70.0 

70.0 

70.5 

70.5 

70.5 

70.5 

73.5 

73.5 

73.5 

73-. 5 

73.0 

73.0 

72.5 

Best Air 
Coils. 1000 T 
#44 Wire Ea. 

69.5 

70 

70 

70 

70 

70 

70 

-72.5 

72 

72 

72 

72 

72 

72 

NOTE: Sensitivity window is in degrees, input voltage is in volts, spin rate 

was 1000 rpm, and pole pieces were mounted on the penetrator. 
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The development of a hourglass core pole piece which can perform slightly better 

than air core coils is significant because this device is a low cost alternate to 

the air core sensing coil. At high production levels, programmed lathes would 

automatically machine the steel core to the proper shape, automatic coil winders 

would apply the proper number of wire turns, and the device would be encapsulated 

in a small package with solder lugs for easy component connection. Fuze con- 

struction using the small encapsulated pole piece assembly would be much easier 

than using two large sensing coils, so the pole piece feasibility demonstration 

was an exciting breakthrough from a cost, production, and assembly standpoint. 

We have therefore selected the pole piece magnetometer as the primary JAN fuze 

revolution sensor. 

4. Spin Rate Detector 

Fuze spin rate is electrically monitored and used as the second environment in 

the JAN fuze arming sequence. The revolution sensor outputs a signal propor- 

tional to spin rate which is compared to a time base standard to evaluate the 

fuze spin rate. A proper spin rate satisfies the second of three criteria 

necessary for fuze arming. 

We demonstrated the feasibility of discerning spin rate in the first JAN program 

and the circuit used is shown in Figure 4-1. The revolution sensor amplifier 

outputs a square wave with a frequency proportional to fuze spin rate. We 

selected a detection threshold of 1500 rpm because the Army spin rate requirement 

is no arm at 1100 rpm and all arm at 1700 rpm. The revolution sensor output will 

trigger the one shot and the one shot timeout is compared with the revolution 

sensor output by an AND gate. If the spin rate is less than 1500 rpm, the one 
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FIGURE 4-1. SPIN RATE DETECTOR 
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shot output will be LO before the next revolution sensor input goes HI, resulting 

in the output of the AND gate always being LO. If the spin rate is above 1500 

rpm, the output of the one shot will still be HI when the next revolution sensor 

input goes HI, resulting in a HI output from the AND gate which indicates the 

minimum spin rate threshold has been achieved. 

In the first year program, engineers tested the spin rate detector circuit with 

sense coils, but the circuit will operate as well when used with a pole piece 

sensor. We built the spin rate detector circuit into the demonstrator model 

using a pole piece sensor and excellent results were observed. That circuit is 

presented and discussed in the demonstrator section of this report. 

5. Revolution Counter 

The revolution counter is used to discern safe separation distance by using the 

output of the revolution amplifier to increment a digital counter which counts 

fuze revolutions. Safe separation distance has occurred when the revolution 

counter has counted a specified number of revolutions. The revolution counter 

outputs a signal to the fuze electronics to indicate compliance to the third arm 

environment causing the electronics to put the detonator in line which arms the 

fuze. The fuze will now detonate upon impact. 

Program personnel have successfully demonstrated the revolution counter concept 

and therefore included it in the JAN fuze demonstrator. We designed the demon- 

strator to count 32 revolutions and a description of the demonstrator unit is 

presented in subsequent sections of this report. 
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6. Programmable Feasibility 

The Department of Defense uses programmable Multi-Option fuzes to achieve 

increased weapon effectiveness. A Setter Control Unit (SCU) is used to program a 

fuze prior to launch by magnetically transferring information to the fuze which 

then retransmits the information to the SCU for verification. The Navy con- 

structs the EX416 and EX419 multi-option fuzes with a bobbin coil used as a 

magnetic receiver link to enable information transfer between the SCU and fuze. 

The Navy expressed interest in using the JAN revolution sensor as a magnetic 

receiver link, so testing was conducted to determine the feasiblity of using the 

revolution sensor to program the JAN fuze. 

Alan Wendler of Honeywell and Chuck Johnson of the Naval Surface Weapons Center 

conducted magnetic energy and intelligence transfer tests in February of 1982. 

They conducted testing at NSWC which included recording the induced voltage from 

the SCU when a revolution sensor candidate was connected to a lOK load resistor. 

They also recorded the induced fuze logic voltage when the sensor candidate was 

connected to an EX416 fuze. Air core sense coils, pole pieces, and RAAM magneto- 

meters were tested and the results compared to the performance of the standard 

EX416 receiver link. This comparison revealed that none of the tested JAN 

revolution sensor candidates had acceptable performance as a receiver coil link 

when used with the current Setter Control Unit, but modifications to the SCU or 

JAN sensors may result in acceptable future performance. 

Engineers collected data at various sensor orientations since the magnetic field 

produced by the Setter Control Unit is not symmetrical due to the tear drop shape 

of the transmitting coil. Two sense coils were mounted on a wooden coil holder 
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which was attached to a wooden rod and suspended near the SCU transmitting coil. 

Two 500 turns #37 wire coils were tested and two 1000 turns #44 wire coils were 

tested. The data for the 500 turns, #37 wire coils is shown in Table 6-1 and the 

data for the 1000 turns, #44 wire coils is shown in Table 6-2. The induced 

voltages (with R^^ = lOK) on each coil are given for each orientation and also the 

output voltages when the coils were connected in the various parallel and series 

test configurations are presented. We found the sense coil revolution sensors to 

be sometimes directional and overall not as sensitive as the standard EX416 

receiver coil. 

We wanted to test all sensor candidates so a 6000 turns, #44 wire hourglass pole 

piece was mounted vertical to the transmitting coil and tested. We found only 

0.44V was induced on the lOK load resistor and only I.IV was induced in the EX416 

fuze when the device was directly connected to the EX416 fuze. 

The 2000 turns, #44 wire hourglass pole piece was damaged in transit so no data 

was collected, but performance only slightly better than the 6000 turns, #44 wire 

pole piece was expected due to lower device resistance. The 6000 turns, #44 wire 

dumbell pole piece had 1.8V at a horizontal orientation and 2.2V at a vertical 

orientation, but no logic voltage was detected when it was connected to the fuze. 

A RAAM magnetometer achieved a maximum load resistor voltage of 4V when mounted 

parallel to the transmitting coil face, but no logic voltage was detected when 

this device was connected to the EX416 fuze. These results show that performance 

with the tested hardware is not acceptable and further effort is needed to 

develop this concept. 
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Table 6-1 

Voltage Transfer Data 

SOOT #37 Coils 

Orientation ^1 ^2 TCI TC2 •   TC3 TC4 

11 8.4    ■ 1.5 2.6 2.6 5.2 7.1 
  2 

1.5 14 5.2 10.2 7.4 9.0 
1    a 
1  ! 7.8 2.9 3.0 6.0   • 6.5 6.8 

— i 18 7 12 13.8 8.2 8.2 

  4 
Logic 

Voltage 
.70 1.36 .79 .4 

NOTES: Tuned output (.0038 uF) of EX416 coil on lOK load = 21V. Maximum 

JAN coil output was obtained with out any tuning capacitor, 

V-, = output of coil 1 only. 

Vp = output of coil 2 only. 

TCI (Test configuration 1) 

TC2 

+coil 1 to -coil 2 

-coil 1 to -coil 2 
+coil 1 to +coil 2 

Series 

Parallel 

TC3 +coil 1 to -coil 2 
-coil 1 to +coil 2 

Parallel 

TC4 -coil 1 to -coil 2 Series 
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Table 6-2 

Voltage Transfer Data 

lOOOT #44 Coils 

Orientation 
'l ^2 TCI TC2 TC3 TC4 

.2    / 

I     1 5.6 1.8 2.5 1.3 0.24 1.3 
  J 3.3 5.5 1.7 5.5 0.1 2.0 

1    J 

1     1 4.4 2.5 1.8 0.5 0.18 1.7 
       1 8.1 0.4 5.1 4.7 0.15 2.8 

NOTES: 

All Fuze Logic Readings Negligable 

Tuned output (.0038 uF) of EX416 coil on lOK load = 21V. Maximum 

JAN coil output was obtained with out any tuning capacitor. 

V.| = output of coil 1 only. 

V2 = output of coil 2 only. 

TCI (Test configuration 1) 

TC2 

TC3 

TC4 

+coil 1 to -coil 2 

-coil 1 to -coil 2 
+coil 1 to +cDil 2 

+coil 1 to -coil 2 
-coil 1 to +coil 2 

-coil   1   to -coil 2 

Series 

Parallel 

Parallel 

Series 
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7. Impact Sensor 

Engineers selected a piezoelectric impact sensor for use in the JAN fuze due to 

its quick response, small size, and proven performance on the Copperhead and 

Advanced Lightweight Torpedo programs. The piezoelectric crystal senses shock 

waves generated at impact and outputs a signal for Super Quick or Auto Delay mode 

detonation. The Super Quick or Auto Delay mode option is selected by the fuze 

body selector switch which is monitored by the electronics. Impact in the Super 

Quick mode results in immediate detonation while impact in the Auto Delay mode 

results in delayed detonation after the target void is detected. 

In the Auto Delay mode, the impact circuit envelope detects the pulse modulated 

waves generated by the impact sensor. The impact Super Quick/Auto Delay circuit, 

Figure 7-1, is enabled after the revolution counter determines the proper safe 

separation distance by counting projectile revolutions. The revolution counter 

outputs a signal which sets the arming latch when the proper revolutions have 

been counted. The arming latch output goes HI to remove the reset command of the 

impact latch, thereby enabling the impact detector logic. 

In the Super Quick mode, the selector switch is open which causes a HI input to 

the SQ/Delay latch at fuze power up. The SQ/Delay latch is in the reset mode, so 

its output is LO which forces the U31.4 gate to a HI state. The HI output of 

U31.4 inputs to U31.2, so U31.2 will produce a LO fire signal when its other 

input (from the impact latch) goes HI. 

Fuze impact causes the impact sensor to output a positive pulse which drives the 

invertor LO setting the impact latch. Both inputs to the U31.2 fire gate are HI, 
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so it outputs a LO signal which functions the fire circuit to detonate the 

projectile. These events describe how the impact circuit operates in the Super 

Quick mode. 

In the Auto Delay mode, the selector switch sets the SQ/Delay latch at power up 

by providing low input. The latch is set at power up so loss of the selector 

switch at impact will have no effect on the fuze operation. The SQ/Delay latch 

outputs a HI signal so the U31.4 gate will enable the U31.2 fire gate as soon as 

the U31.3 delay gate goes LO. The impact circuit will envelope detect the pulse 

modulated signal generated by the impact sensor with the resistor and capacitor. 

When impact is detected, the impact latch is set causing one input to the U31.2 

fire gate to be HI. However, the fire gate will not produce the low signal needed 

to function the fire circuit until the output from U31.4 goes HI. The U31.4 gate 

will not go HI until the output of the delay gate (U31.3) goes LO, so fuze 

detonation in the delay mode will occur only when the output of the delay gate 

goes LO. 

Before impact, the output of the impact latch is LO so the capacitor is initially 

uncharged and both inputs to the delay gate are LO yielding a HI output. When 

impact is first detected, the output of U31.3 goes LO, setting the impact latch 

which charges the capacitor through the diode. The impact signal temporarily 

goes to zero causing the invertor to go HI, so the diode turns off and the 

capacitor begins to discharge through the resistor. The capacitor will not 

discharge because the time to discharge the capacitor is longer than the time for 

another impact pulse, so the output of the delay gate remains HI. The projectile 

continues to penetrate the targets causing additional impact sensor outputs 

where each impact sensor output drives the invertor LO and recharges the 
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capacitor. The impact sensor will keep outputting a pulse train which con- 

tinually recharges the capacitor until a target void is encountered or the 

projectile is stopped. 

The target void or stoppage of projectile penetration causes the impact sensor to 

stop outputting a signal. This causes the inverter to remain HI so the diode is 

permanently turned off and the capacitor begins to discharge. The impact circuit 

produces a function delay while the capacitor discharges and the delay for the 

circuit presented is 0.43 mseconds. The capacitor discharges to a state where 

both inputs to the delay gate are HI, so the delay gate goes LO causing projec- 

tile detonation. This description explains how the impact circuit will detect a 

void and detonate the projectile after a fixed delay. 

8. Low Voltage Detector 

The Low Voltage Detector (LVD) system was incorporated in the JAN fuze to realize 

a cleanup or backup function. This system is necessary because a fuze which 

misses the target and encounters soft impact will generate a signal to the impact 

sensor which can be insufficient for fuze detonation, so the fuze will wait for 

the expected valid impact signal. In the waiting mode, the fuze circuit is 

powered by a supply capacitor which was initially charged at setback by the 

environmental power supply. The supply capacitor discharges as it powers the 

fuze circuit and eventually will cause dudding by reaching a level which is 

insufficient to operate the fuze circuit. The LVD circuit prevents this type of 

dudding by monitoring the supply capacitor and causing fuze detonation or cleanup 

before the supply capacitor discharges to an insufficient level. The LVD circuit 

36 



also performs a backup function by initiating fuzes which impact a valid target, 

but remain undetonated due to impact sensor failure. 

We selected the LVD concept for the cleanup/backup feature over a timer concept 

due to proven performance, accurate voltage level detection, low power needs, and 

simple construction of the LVD system. The alternate method to realize a clean- 

up/backup feature involves a timer concept. An accurate active timer can be 

constructed by using a crystal oscillator to drive a digital counter. The 

counter outputs correspond to time-outs and are monitored to cause fuze detona- 

tion at the preselected time. The disadvantage of this concept is that it 

requires relatively large current to operate the oscillator and the many 

necessary components increase system cost and volume. 

A passive RC timer can primarily be constructed with a resistor, capacitor, zener 

diode, and comparator. The timing capacitor is charged from the fuze supply and 

is compared to the zener voltage reference. The time for the capacitor to charge 

up to the reference voltage is controlled by component values and corresponds to 

the desired cleanup time. This concept is disadvantageous due to the current 

need to bias the zener diode and the relative system inefficiency. The zener 

diode bias current depletes the supply capacitor and the timing capacitor charges 

up which further depletes the supply capacitor, leaving less supply capacitor 

charge to operate the fuze circuit. An alternate LVD concept was selected since 

it requires little bias current, contains few parts, and is currently used on 

various mine programs such as RAAM (Remote Artillery Antiarmor Mine). 

The JAN LVD circuit is similar to the RAAM circuit and is constructed with three 

resistors and one transistor. The transistor is a N-Channel Enhancement Mode 
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MOSFET and will turn off when the gate source voltage is less than the device 

specified threshold. The fuze logic will reliably operate in the 3-18V range so 

the desired LVD switching level to ensure fuze cleanup prior to unreliable 

circuit operation is approximately 3.5V. The gate source switching threshold is 

typically in a range of 1-3 volts so a resistor divider is needed to apply a 

percentage of the supply voltage to the transistor gate. Resistors Rl and R2 

comprise the LVD resistor divider and resistor R3 is added as a current limiter 

to prevent the transistor from quickly depleting the supply capacitor. 

Honeywell developed the JAN LVD circuit and tested it with 3N170 and 3N171 N- 

Channel Enhancement Mode MOSFETS. (The 3N170 MOSFET has a switching threshold 

specification of 1.0-2.0 volts and the 3N171 MOSFET has a switching threshold 

specification of 1.5-3.0 volts.) In a functional fuze, the LVD circuit is 

connected to a firing element which dumps a charged capacitor into a stabber 

detonator which initiates the M55 detonator. We initially tested a transistor as 

the firing element but observed gradual turn on so a SCR was substituted. For 

laboratory testing, we used a lOOK resistor to bleed a 500 uF charged capacitor 

to simulate JAN fuze capacitor discharge and a LED to indicate a low voltage 

detect. The circuit tested in Figure 8-1 contains a switch which was opened at T 

= 0 to simulate the start of the 500 uF capacitor discharge and we monitored the 

capacitor voltage and SCR anode with an oscilloscope to document performance. 
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FinURE 3-1.  LOW VOLT.ViE DETECTOR TEST CIRCUIT 

The trace in Figure 8-2 shows the 500 uF capacitor discharged to 2.34 volts 

before the 3N170 turned off which caused the SCR to turn on and indicate a low 

voltage detect. (The expotential curve is the capacitor discharging and the 

second trace shows the SCR anode at V2 potential until the SCR turns on.) The 

trace in Figure 8-3 shows the 3N171 circuit detected a low voltage at 3.64V which 

is ^ery close to the desired 3.5 threshold. The data shows it is possible to 

accurately detect a voltage threshold and the threshold can be adjusted by 

component selection. We measured the current required to operate the LVD circuit 

at 0.66 uA and could further reduce it by increasing the resistor values. This 

data demonstrates that it is possible to construct an accurate low power low 

voltage detector. 
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9. Demonstrator 

Honeywell constructed a model to demonstrate the JAN fuze electronic environ- 

mental sensors. The demonstrator is a battery-powered unit which contains a 

setback sensor, revolution sensor, impact sensor, and control box with a display 

panel. The demonstrator. Figure 9-1, is used to independently demonstrate the 

environments which are electronically evaluated by the Electronic JAN PD/D fuze. 

The model can be used to demonstrate the setback sensor concept by dropping the 

setback weight on the sensor and watching the setback indicator LED. The setback 

weight is a metal rod which has a rubber foot and grommet attached to one end. 

The metal end produces a short pulse typical of accidental forty-foot drops and 

the rubber end produces a long pulse typical of actual setback acceleration. The 

setback tube has an all arm line which corresponds to the all arm Army require- 

ment of 600 g's and a no arm line which corresponds to the no arm 400 g 

requirement. 

The setback sensor concept is demonstrated by dropping the weight on the sensor 

at various heights to simulate various setback accelerations. When the user 

drops the rubber end setback weight from a height above the all arm line, the 

indicator LED will light to indicate an accepted pulse. Dropping the rubber end 

setback weight below the no arm line causes the indicator LED not to light which 

demonstrates pulse rejection. The user can drop the metal end setback sensor 

from any height, but the circuit will reject this pulse as evident by the LED 

staying off. (The circuit. Figure 9-2, is similar to the one used in shock tower 

testing.) The model demonstrates that the setback sensor will reject forty-foot" 

drops and only accept drops with the required amplitude and pulse duration. 
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FIGURE 9-1    DEMONSTRATOR 
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The second environment our model demonstrates is revolution sensing. We con- 

structed a hand-held unit by mounting a pole piece sensor and amplifier to a 

motor driven shaft. A 6000 turn #44 wire pole piece sensor was connected to the 

amplifier used in revolution testing and mounted on an aluminum shaft inside a 

plexiglass ogive. A variable speed motor spins the shaft to simulate the revolv- 

ing of a projectile. 

The hand-held unit is connected to the control box which contains the motor speed 

control circuit, spin rate detector, revolution counter, and display LED's. The 

spin rate LED will blink as a function of revolutions if the spin rate is above a 

400 rpm threshold. Any revolutions above the threshold are counted and the 32 

count LED will turn on when 32 revolutions have been counted. The revolution 

sensor circuit. Figure 9-3, can determine proper spin rate and count a fixed 

number of revolutions. The model is therefore used to demonstrate how the JAN 

fuze determines spin rate to function EBM bolt 2 and counts revolutions which 

corresponds to fixed safe separation distance to fire EBM bolt 3. 

The final environment the JAN fuze model demonstrates is impact. Once the JAN 

fuze has detected proper setback, revolution spin rate and number of revolutions, 

it has functioned EBM bolts 1, 2, and 3 respectively. The fuze is now armed and 

will function in the Super Quick or Auto Delay mode at impact. 

The user selects the demonstrator Super Quick or Auto Delay option with the 

selector switch and simulates impact by tapping the impact sensor with the 

hammer. In the Super Quick mode, the impact circuit. Figure 9-4, will accept the 

first impact pulse and immediately turn the impact LED on to demonstrate Super 

Quick detonation.  In the Auto Delay mode, the circuit will wait until 
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penetration, simulated by quick repetitive tapping, has stopped and then add a 

short delay before impact LED turn on. This feature demonstrates the void 

sensing with delay concept previously discussed in the impact sensor section. 

The JAN fuze model will individually demonstrate all the environmental sensing 

concepts. The complete JAN fuze electronics would be constructed by adding power 

supply and fire circuits to sensor electronics similar to those used in the JAN 

fuze demonstrator model. 

10. Power Supply Task 

The two part power supply task was the only program objective we did not 

complete. A simulated power supply test was to be conducted where a breadboard 

fuze would be powered from a capacitor and function microdetonators to simulate 

the Electro Explosive Devices contained in the Explosive Barrier Module (EBM) 

S&A. This test would indicate the JAN fuze electronic circuit could operate from 

the environmental power supply and properly function the S&A. Positive simulated 

power supply performance was to result in conducting of the actual power supply 

tests. The actual power supply tests would be conducted by using a setback 

generator power supply to operate the breadboard fuze electronics which would 

function an EBM. Positive results from this test would demonstrate the 

feasibility of the Electronic JAN PD/D fuze concept from a power supply stand- 

point. 

The power supply tests were not conducted due to EBM program uncertainty and lack 

of hardware. We were concurrently funded to develop the EBM concept when this 

Electronic JAN PD/D fuze program began, but the EBM program was completed and a 
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follow-up program was not scheduled for us. The EBM program concluded at a state 

where the hardware would not reliably operate as designed, so the use of an 

Explosive Barrier Module for the JAN fuze S&A is uncertain (HDL is conducting a 

follow-on program, but program status is currently unknown by Honeywell). 

Program engineers did not conduct the power supply tests due to the lack of EBM 

hardware and uncertainty of the EBM concept. We applied the funds allocated for 

power supply testing to additional subsystem development which resulted in 

optimum use of all program funding. 

11. Electronic S&A 

Honeywell proposed that the Explosive Barrier Module be used in the Electronic 

JAN PD/D fuze as the Safing and Arming device. The Explosive Barrier Module was 

designed to enable fuze arming once three independent environments were 

acceptably detected. We planned to operate the Explosive Barrier Module from the 

setback, revolution spin rate, and number of revolution environments previously 

discussed. 

The Explosive Barrier Module program concluded with uncertain results so an 

alternate Safing and Arming concept may be needed for the Electronic JAN fuze. 

This section contains a discussion of the Explosive Barrier Module program and a 

Honeywell Internal Development Electronic Safing and Arming program. We did not 

expend any effort on the JAN fuze S&A under this contract and are including this 

Electronic S&A discussion only to present a more complete understanding of the 

total Electronic JAN PD/D fuze concept. 
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11.1 Explosive Barrier Module 

The Explosive Barrier Module (EBM) is the element of the JAN fuze Safing and 

Arming (S&A) device which provides out-of-line explosive train interruption. 

The EBM incorporates three movable members (bolts), mechanically interlocked so 

that they can move in only one predetermined sequence, with movement of the third 

member arming the device, see Figure 11-1. Propellant charges are electrically 

initiated by the fuze electronics to provide the force to move the bolts into the 

armed positions. 

The EBM achieves safety during prelaunch by using a mechanical interlock to lock 

each movable bolt to the others and to the EBM housing. The housing interlock 

consists of a shear pin on each bolt which must be sheared to move the bolt from 

the safe position. The shear pin is designed to maintain the bolt in the safe 

position under a side load of up to 20,000 G's. 

The arming cycle is accomplished by reaction to three sequential electric signals 

received from the JAN fuze electronics. Each electric signal will initiate a 

propellant charge which provides the force to shear the pin and move the 

respective bolt. Movement of the third bolt will arm the device by positioning 

an M55 stab detonator between a fourth propellant charge and a lead charge. The 

third bolt positively locks in the EBM in the armed position. A firing pin rides 

with the third bolt and is positioned on the sensitive end of the M55 stab 

detonator. The firing pin is driven by the fourth pyrotechnical propellant 

charge to reliably initiate the stab detonator. 
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FIGURE   n-1 
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11.2 Internal Development Program 

■■) 

Honeywell has been developing' the technologies required for an all electronic 

artillery fuze through Internal Development and DOD funded programs. We have 

been pursuing the electronic fuze for over two decades and our effort has 

involved fuze concept definition and field testing of electronic environmental 

sensors. The major obstacle of the electronic fuze has been the development of a 

solid state or electrically functioned S&A which can meet the strict safety 

requirements the Department of Defense and Honeywell are committed to. However, 

we believe the technology exists today to develop a state-of-the-art electronic 

S&A for use in all electronic JAN fuze. 

The Explosive Barrier Module was one concept we investigated and additional 

development may result in a device suitable for the Electronic JAN fuze. 

Honeywell has defined other solid state S&A concepts which include electrical, 

explosive summing, shock aiding, and shock inhibiting S&A approaches. Alternate 

concepts which may be suitable for the Electronic JAN fuze include a lasar 

initiated explosive train, exploding bridge wire, and slapper detonator S&A 

approaches. 

The acceptance of electronic systems in today's weapons is growing as evident by 

the electronic-mechanical S&A systems used in various systems such as 

Copperhead, FAE-II, SLUFAE, and the Advanced Lightweight Torpedo. The realiza- 

tion of an electronic S&A is within todays technology domain and we are committed 

to working towards this goal. Additional support and development of the 

electronic S&A concepts is needed so the realization of the Electronic JAN PD/D 

fuze can occur. 
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12. Fuze Packaging 

Mechanical engineers developed individual Army and Navy penetrator designs in 

the 1980 program. We designed both fuzes with identical penetrator cavities for 

maximum fuze commonality. We presented a drawing for the JAN fuze which detailed 

where the electronic circuit board, magnetic power supply, revolution sensor 

coils, selector switch, and EBM would be mounted. Honeywell has prepared Figure 

12-1, which is similar to the previous drawing, with the exception of the pole 

piece. We substituted the pole piece for the magnetic sense coils because this 

device was selected for the JAN revolution sensor. The pole piece is mounted 

directly above the environmental power supply and is secured by the potting 

compound. 

13. Conclusion. 

Honeywell has made good progress on this continued exploratory development 

program. We completed shock tower testing which demonstrated that our setback 

sensor does conform to the Army all arm and no arm setback requirements.' We 

conducted extensive revolution sensor testing which, resulted in the selection of 

a small, sensitive, low cost pole piece revolution sensor for the JAN PD/D fuze. 

We also performed testing to demonstrate how a low voltage detector circuit can 

sense a low voltage level and output a detonate signal to realize a projectile 

cleanup feature. We jointly conducted a programmable feasibility task with the 

Naval Surface Weapons Center and concluded that additional development is needed 

to yield a device which can double as a revolution sensor and magnetic receiver 

link for use on a Multi-Option Fuze. We fabricated a JAN PD/D fuze demonstrator 

model to demonstrate the setback, revolution spin rate detector, revolution 
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FIGURE 12-1 
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counter, and impact features of the fuze. The model will be used to 

independently demonstrate the environmental sensing techniques of the JAN PD/D 

fuze. 

Program engineers completed all the program objectives except the power supply 

tests. The power supply tests were included as a program objective to 

demonstrate the feasibility of using the environmental power supply to function 

the JAN fuze system, but we did not conduct these tests because of marginal 

Explosive Barrier Module program results. The marginal EBM program results 

indicated that the selection of the EBM for the JAN fuze S&A must be reviewed, so 

we tested those concepts which are definitely part of the Electronic JAN PD/D 

fuze. 

We have demonstrated feasibility of most electronic subsystems of the JAN PD/D 

fuze. We have not encountered any unsolvable problems, so the Electronic JAN 

PD/D fuze concept is ready for further development. 

14. Recommendations 

The Electronic JAN Point Detonating/Delay fuze environmental sensors have been 

developed to a state where they are ready for field testing. Honeywell 

recommends that fuzes be gun fired to confirm the feasibility of measuring safe 

separation distance by counting projectile revolutions. We suggest several 

fuzes be constructed with a pole piece revolution sensor, revolution spin rate 

detector, revolution counter, and flash charge. The fuzes will be battery 

powered and will use an existing S&A, such as an M739. We recormiended that the 

fuzes be fired at various zones and high-speed cameras be used to collect data to 

verify theoretical versus actual performance. 
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The second level of field tests would involve the setback sensor. The setback 

sensor would be added to the safe separation fuze if the safe separation test 

data is acceptable. The setback pulse would electrically arm the projectile and 

the flash charge would be initiated at the proper safe separation distance. This 

test would demonstrate the setback and safe separation concepts. 

We recommend a final level of field tests to demonstrate the impact sensor 

capability of the JAN fuze. A flash charge would be initiated upon impact in the 

super quick mode to demonstrate this feature. To demonstrate the Auto Delay 

mode, the fuze would penetrate several plywood targets and initiate a flash 

charge after a short delay. This test would demonstrate how the impact circuit 

can operate as a void sensor with short delay. High-speed photography would be 

used to document fuze performance. 

We have also identified other areas for additional work. The Army penetrator 

needs additional development before it will pass the EPIC computer simulation, 

but the Navy penetrator passed when tested in the previous JAN fuze program. 

Several Navy penetrators could be constructed and shot at targets to determine 

penetration performance. A similiar test could be conducted with a redesigned 

Army penetrator and acceptable results in this area would lead to accepted 

penetrator designs for the JAN fuze. 

The final area we recommend for future work is the Electronic S&A. An acceptable 

S&A is a necessity for the JAN fuze and effort in this area is paramount for 

realization of the total fuze concept. Progress from the development currently 

being conducted on the Explosive Barrier Module by HDL should be monitored and 

power supply tests should be conducted when the EBM feasibility is demonstrated. 
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These tests would show electrical power supply feasibility for an acceptable JAN 

fuze system which uses the EBM as the system S&A. 

Honeywell has identified many areas for future JAN fuze program effort. At a 

minimum, we recommend that the gun firing tests be conducted to demonstrate 

feasibility of counting fuze revolutions to discern safe separation distance. We 

have presented several other areas which can be independently developed. Effort 

in all areas will be required before the total Electronic JAN PD/D fuze concept 

can be established. 
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APPENDIX A 

PIEZOELECTRIC SETBACK SENSOR PROGRAM FOR A HP-41C 
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Piezoelectric Setback Sensor Program for a HP-41C 

by Alan Wendler 

Aug. 20, 1981 

Abstract 

A setback sensor can be constructed using a cylindrical piezoelectric 

(pz) crystal with an equal diameter weight placed above it. Electrical 

contact is made to both sides of the pz crystal and upon setback, the 

weight will mechanically stress the pz crystal which produces a voltage 

proportional to the amount of setback. This report describes a HP-41C 

calculator program which will calculate the output voltage for a 

particular set of conditions. 

Introduction 

When designing a piezoelectric setback sensor, output voltages are 

calculated for various parameters and it is necessary to have a 

program that can calculate Vout for one set of parameters, easily 

accommodate a change in any particular parameter, then recalculate 

Vout so the user can determine what effect specific parameter changes 

have on Vout. 

This program gives the user the option of initializing all information, 

printing all values and printing the register table. The program can 

be used with printer so parameters and results are easily documented, 

but a printer is not required. 

Once the calculator outputs Vout, the user may stop execution, change 

a value, and start the program over. This enables the user to quickly 

determine Vout with minimal button pushing, but all options are 

available if the user wants them. 
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Piezoelectric Setback Sensor Program Flowchart 
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Calculator Program 

The calculator determines Vout from the equation derived on page 63 and 

A program listing is given on page 65.   The program determines if a 

printer is connected and turned on. If an attached printer is off, a 

"printer off" message is output. 

The program first prompts the user with "Enter Info (Y/N)?" If the t 

user simply wants to calculate Vout for the parameters stored in 

registers R1-R9, then inputting a "N" will cause the Vout to be cal- 

culated and displayed. If the user wants to input all info, then 

typing a "Y" will cause nine prompts to appear. The program asks for 

setback level (G's), the external load capacitance (farads), the pz 

crystal diameter (inches), the pz crystal length (inches), the pz 

e constant (coulomb/cm volt), pz D33 constant (coulomb/newton), 

the length of the weight (inches), the density of the weight (lb/cubic 

inch), and the weight type. The weight type is the name of the metal, 

such as steel. The program then computes and outputs Vout. 

At this time, the program will pause and the user may stop the program, 

change a parameter, and recalculate Vout. If the user does not stop 

execution, the program will prompt with "PR values (Y/N),?". If the 

user wants all parameters or values printed, entering a "Y" will 

cause the program to print all values with their units. This feature 

is useful with a printer to document the result that particular 

parameters give. 

The program will then prompt with "REG TABLE?" entering a "Y" will 

cause the register table to be printed. 
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Register ■ Table 

Rl = setback 

R2 = ext ; cap ' 

R3 = PZ diameter 

R4 = PZ length 

R5 = PZ ̂ 0 

R6 = PZ D33 

R7 = wt length 

R8 = wt density 

R9 = wt type 

RIO = Vout 

This is a reference for the user so he knows where the particular 

parameters are stored. This is helpful when the user varies a 

particular parameter and runs the program to find Vout. The first 

time the program is used, all information will be entered and Vout 

will be output. The user may stop execution, change Rl from 550 G's 

; to 3000 G's, and rerun the program. Vout is now calculated using 3000 G's. 
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XEQ -SETBACK' 

Sample Run       ' 

Determine the voltage generated when a 

setback sensor, comprised of a 0.2" 

diameter x .132" long crystal and 

same size steel weight, experience 

550 g's of setback acceleration. 

d33= 350 X 10 -12 C/N 

BQ = 142 pcoul/cm volt 

Psteer °'^^ ^'^Z^" ^'" 

Assume no external capacitance 

Answer; V^  = 11.57 volts 

ENTER IHFfi<i/H>? 
Y RUN 
SETBflCK<G>? 

556       RUN 
EXT CflP<F>7 

e      RUN 
PZ BIfiHETER<IH>? 

.2      RUN 
PZ LEKGTH<IH>? 

. 132      RUN 
PZ e.<COUL/CK VOLT)? 

142-12       RUN 
PZ Ii33<C0UL/N>? 

358-12  RUN 
HT. LENGTH<IN>? 

.132  RUN 
HT. DEHSITY<LB/CU IH>? 

.23  RUN 
HT. TYPE? 
STEEL RUN 
Y 0UT=ll.57E9 VOLTS 
PR VflLuES<Y/H>? 
Y RUN 

SETBfiCK=55e.8E8 G 
EXT CfiP=8.S99E8 F 

CRYSTAL INFO 
DIfiHETER=2H8.8E-3 IH 
LENGTH=132.eE-3 IH 
e.=142.9E-12C0UL/Cfi V 
B33=358.eE-12 CuUL/H 

STEEL NEIGHT 
LENGTH=132.eE-3 IH 
I)EH3ITY=233.HE-3LB/CU IN 

V 0LIT=11.57Efl VOLTS 
REG THBLE? 

Y RUN 

Determine V^^^^ if we have 3000 g's of setback 

Answer: VQ^^^ = 63.14 volts 
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REGISTER TfiBLE 
Rl=SETBflCK 
R2=EXT CfiP 
R3=PZ BIfflETER 
R4=FZ LENGTH 
R5=P2 e. 
R6=PZ 1133 
R7=«T LENGTH 
R8=HT DEHSITY 
R9=kiT TYPE 
Rie=V OUT 

 ^  3888 STO 81 
XEQ -SETEfiCK" 

ENTER INFn<Y/N>? 
N RUN 
V 0UT=b3.14t8 VOLTS 
PR VfiLUES<Y/H>? 
H RUN 
REG TABLE? 
N RUN 



EQUATION DERIVATION 

For a Piezoelectric Crystal: 

Charge = Total Capacitance x Voltage 

Q    = C^V (1) 

Total Capacitance =. Capacitance of pz. crystal + external load capacitance 

- + C 
-pz 

C^ = V(dpz)  + C 

^ ""pz 

ext 

ext 

Also 

Charge = Force on Crystal x Crystal Sensitivity 

q=Fd33' 

Where 

Force = Mass x Acceleration 

F = ma 

~ -^— X wt x ^wt X setback x a 

Combining 1  and 3 we get: 

Vout  =    Fi33        ■ 

(2) 

(3) 

(4) 

Substituting 2 and 4 and performing a dimensional analysis, we get: 

out 
fr(d„,) x L . X p . X setback ^ pz^   wt  ^wt (fi?^) ^ (^ ^ ^33 

^i%/ >^ ^0 ' (^y 'e.t 
4 X L. "pz 
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Where:  out ~ output voltage (volts) 
■■"> 

d   — diameter of pz crystal (inches) 
pz 

L ^  — length of weight (inches) 

p .  — density of weight (lb/cubic inch) * 

setback ~ number of g's ejcperienced at setback 

D,o   — pz crystal sensitivity constant (coulombs/newton) 

c 0 ~ pz crystal material constant (coulombs/cm volt) 

L ~ length of pz crystal (inches) 

C . — external parallel crystal load capacitance (farads, 
^^^ may equal 0) 
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PROGRAM LISTING 

'     ei*LBL •SETBACK- 
62 EHG 3 
93 CLfl 
64 FS? 55 
65 PRfl 
66 flON 

S7 -ENTER IKFO<Y/H>" 
63 ■!-?■ 
69 PROfiPT 
18 flSTO X 
11 flOFF 

13 flSTO ¥ 
14 X=Y? 
15 XE8 81 

'              16 XEQ 82 
17 ■¥ OUT=- 
18 fiRCL 16 

19 -h VOLTS- 
28 flVIEH 
21 P3E 
22 PSE 
23* CLfl 
24 fiOH 

25 -PR VfiLUES<iVH>?" 
26 PROHPT 
27 flSTO X 
28 fiOFF 
29 -Y- 
38 flSTO Y 
31 X=Y? 
32 XEe 83 
33 CLfi 
34 fiuN 

35 -REG TfiBLE?- 
36 PROMPT 
37 flSTO X 
38 flOFF : 
39 -Y- 
48 flSTO Y 
41 X=Y? 
42 XEa 04 
43 CLX 
44 RTN 

46 

<<5 

>;■? 

45*LBL 81 
■SETBflCK<G>?- 
47 PROHPT 
43 STO 81 

-EXT CHP<F>?" 
58 PROHPT 
51 STO 82 

■PZ DlflHETER- 
53 -KIN)?' 

54 PROHPT 
55 STO 83 

56 -PZ LENGTH- 
57 -KIN)?- 
58 PROHPT 
59 STO 64 

69 -PZ e.<COUL/CH V 
61 -FOLT)?- 
62 PROHPT 
63 STO 85 

64 "PZ D33<C0L1L/H>?- 
65 PROHPT 
66 STO 86 

67 -HT. LEHGTH<IK>?" 
68 PROHPT 
69 STO 87 

78 °HT. DEHSITY<LB/- 
71 -FCU IH>?- 

72 PROHPT 
73 STO 88 
74 flOH 

75 -HT. TYPE?- 
76 PROHPT 
77 flSTO 89 
78 fiOFF 
79RTH 

88*LEL 82 
81 RCL 83 
82 2 
83 / 
84 Xt2 
85 PI 
86 * 
87 STO 12 
88 RCL 87 
89 * 
98 RCL 63 
91 * 
92 RCL 81 
93 * 
94 9.88 
95 * 
96 .4536 
97 * 
98 RCL 86 
99 * 
168 STO 11 
181 RCL 12 
162 ENTERt 
183 RCL 85 
164 * 
185 ENTERt 
186 2.54 

187 * 
188 RCL 84 
169 / 
116 RCL 82 ' 
111 + 
112 1/X 
113 RCL 11 
114 * 
115 STO 18 
116 RTH 

117*LBL 83 
118 CLfi 
119 flVIEH 

120 ■SETBflCK=- 
121 fiRCL 81 
122 -F G- 
123 XEQ 66 

124 -EXT CfiP=' 
125 fiRCL 82 
126 -F F- 
127 XE8 66 
128 flVIEH 

9 -CRYSTAL IHFO" 
138 XEQ 86 

131 •I!IflRETER=' 
132 fiRCL 93 
133 -h IH- 
134 XEQ 86 

135 -LEHGTH=' 
136 fiRCL 84 
137 -F IH- 
133 XEQ 86 
139 -e.=- 
148 fiRCL 65 

141 "FCOUL/CH V 
142 XEQ 66 
143 •B33=- 
144 fiRCL 66 

145 -F COUL/H' 
146 XEQ 66 
147 fiVIEH 
148 fiRCL 89 

149 -F HEIGHT' 
158 XEQ 86 

151 -LEHGTH= 
152 fiRCL 87 
153 -F IH- 
154 XEQ 06 

155 •DEHSITY= 
156 fiRCL 68 

157 -FLB/CU IN 
158 XEQ 86 
159 fiVIEH 

160 ■ V OUT=- 
161 fiRCL 16 

162 -F VOLTS- 
163 fiVIEH 
164 PSE 

■ 165 RTH 

166+LBL 64 
167 CLfl 
163 flVIEH 

169 -REGISTER TflBLE' 
176 XEQ 86 

171 ■Rl=SETBfiCK- 
172 XEQ 86 

■ 173 -R2=EXT CAP- 
174 XEQ 66 

175 •R3=PZ BIflRETER- 
176 XEQ 66 

177 •R4=PZ LENGTH- 
178 XEQ 86 

179 ■R5=PZ e. ■ 
186 XEQ 86 

181 ■R6=PZ D33- 
182 XEQ 66 

183 ■R7=HT LEHGTH- 
184 XEQ 86 

185 ■R8=aT IiEHSITY- 
186 XEQ 06 

187 -R9=NT TYPE- 
188 XEQ 66 

189 ■R16=V OUT" 
196 fiVIEH 
191 PSE 
192 RTH 

■ 193+LBL 06 
194 flVIEH 
195 PSE 
196 CLfi 
19? RTH 
198 END 
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APPENDIX B 

PZ VOLTAGE TABLE PROGRAM FOR THE HP-41C 
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PZ Voltage Table Program for the HP-41C 

by Alan Wendler 

September 9, 1981 

Abstract 

This report describes a calculator program written to supplement 

another calculator program, which was described in the authors 

August 20, 1981 report entitled "Piezoelectric Setback Sensor 

Program for a HP-41C". This program will generate a voltage table, 

where pz output voltage is printed for values of load capacitance 

and setback G's. This report assumes the reader is familiar with 

the previous report and piezoelectric setback sensors. 

Introduction 

This program was written so the user could specify one to four set- 

back levels, and a large number of load capacitor values. The pro- 

gram will generate a table where the output voltage is calculated 

as a function of particular setback and load capacitance values., 

The user must initially store the parameters in the calculator reg- 

isters, and then execute the program to generate the table. The 

program uses registers 10 to 35 for a table with four load capacitor 

■ values, and one additional register beyond register 35 for e^ery 

additional load capacitor value beyond four. 

User Input 

The user must initialize the following registers with the following 

information: 

R10-R18 used internally 

R19    number of setback values to be used (1-4) 
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R20 pz diameter (inches) note: program assumes wt. diameter = 
pz. diameter 

R21 pz length (inches) 

R22 weight length (inches) 

R23 D03 (coul/newton) 

R24 ^o (coul/cm volt) 

R25 weight name (Alpha date - i.e., steel) 

R26 weight density (Ib/cu. in.) 

R27 setback value #1 

R28 setback value #2 

R29 setback value #3 

R30 setback value #4 

R31 number of load capacitor values to be computed (no limit) 

R32 Cf 

R33 C2  /  - values in pf 

R34 C3  (   - one value must be entered for each 

R35 C4  1    value of load capacitance specified in R31 

- the values are used starting with R32 
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Sample Output 

Generate the voltage table for four setback levels 

and fire load capacitors. 

Assume: 

0^3 = 350 X 10 ■12 c/N 

€o   = 142 X 10"^^ c/cm V 

pz.       .2" dia X .132"  long 

wt.      .2" dia X .132" long 

Steel weight, density = .48 Ib/cu in 

Setback Levels 

400 G's 

600 G's 

900 G's 

1400 G's 

Load Capacitor Values 

0 pf 

100 pf 

150 pf 

300 pf 

470 pf    . 

STEEL 

4.699 STO 19 

.299 STO 28 

.132 STO 21 

.132 STO 22 
350-12 STO 23 
142-12 STO 24 

flSTO 25 
.488 STO 2b 

488.999 STO 27 
688.889 STO 23 
999.989 STO 29 
1488.989 STO 3a 

5.998 STO 31 
8.986 STO 32 

198.688 STO 33 
159.998 STO 34 
398.989 STO 35 
478.998 STO 36 

XEQ -TABLE• 

OUTPUT VOLTAGE TABLE 

PZ 9.288Difl S 8.132 IN 
MT 8.268IiiH X 9.132 !N 
D33=35e.8E-12 C/N 
e.=142.6E-12C/CH V 
STEEL   WEIGHT 
BENSITY=8.48H LB/CU IN 

C.(pf) G'S Vout 
8 469 14.4 
8 686 • 21.6 
8 999 32.5 

8 1489 58.5 
168 488 6.7 

166 688 18.6 
166 988 15.8 

166 1488 23.3 
158 488 5.3 
158 688 7.9 
156 986 11.3 

158 1489 13.4 
.366 486 3.2 
388 689 4.S 
388 989 7.2 

386 1480 11.2 
478 409 2.2 
478 688 3.3 
478 909 5.8 

478 1408 7.8 
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PROGRAM LISTING 

PRP -TflBLE" 
52+LBL 93 

gULBL " TflBLE ■ 53 CLfl 
82 27 54 FIX 3 
63 STO 19 55 PRfl 
64 RCL 19 56 "OUTPUT VOLTAGE 
85 STO 13 57 -HTfiBLE 
% RCL 31 58 PRfl 
67 STO 12 59 CLfl 
63 32 68 PRfl 
63 STO 11 61 -PZ - 
18 XEe 93 62 flRCL 28 
11 XEQ 64 63 -HDIfl X 
12 XEQ 66 64 flRCL 21 
13 RTH 65 -i- IN- 

66 PRfl 
14»LBL 82 67 CLfl 
15 RCL 28 . 68 -HT • 
16 2 69 flRCL 28 
1? / 78 -i-DIfl X ■ 
18X12 71 flRCL 22 
19 PI 72 -h IN- 
28 * 73 PRfl 
21 STO 15 74 CLfl 
22 RCL 22 75 EHG 3 
23* 76 -B33=- 
24 RCL 26 77 flRCL 23 
25 * 78 -1- C/H- 
26 RCL 1? 79 PRfl 
27* 89 CLfl 
23 9.89 81 -e.=- 
29 * 82 flRCL 24 
38 .4536 83 -hC/CH V 
31 * 84 PRfl 
32 RCL 23 85 CLfl 
33 * 86 FIX 3 
34 STO 14 87 flRCL 25 
35 RCL 15 88 -h HEIGHT- 
36 EHTERt 89 PRfl 
37 RCL 24 98 CLfl 
38 * 91 -DENSITY=- 
39 2.54 92 flRCL 26 
48 * 93 -1- LB/CU IN- 
41 RCL 21 94 PRfl 
42 / 95 CLfl 
43 RCL 16 ' 96 RTN 
44 1 E-12 
45 * 97+LBL 84 
46 + 98 CLfl 
47 1/X 99 PRfl 
48 RCL 14 168 67 
49 * 181 flCCHR 
58 STO 18 182 46 
51 RTN . ' 183 flCCHR 

1 184 48 

185 flCCHR 
186 112 
187 flCCHR 
168 162 
169 flCCHR 
lie 41 
111 flCCHR 
112 4 
113 SKPCHR 
114 71 
115 flCCHR 
116 39 
117 flCCHR 
118 115 
119 flCCHR 
126 5 
121 SKPCHR 
122 86 
123 flCCHR 
124 111 
125 flCCHR 
126 117 
127 flCCHR 
128 116 
129 flCCHR 
138 fiDV 
131 RTN 

132*LBL 85 
133 FIX 8 
134 CLfl 
135 flRCL 16 
136 flCfl 
137 CLfl 
138 6 
139 SKPCHR 
148 RRCL 17 
141 flCfl 
142 CLfl 
143 6 
144 SKPCHR 
145 FIX 1 
146 flRCL 18 
147 flCfl 
148 CLfl 
149 fiDV 
156 RTN 

15HLBL 86 
152 RCL m  11 

153 STO 16 
154 1 
155 ST+ 11 
156 XEQ 87 
157 DSE 12 
158 GTO 86 

70  159 RTN 

168»LBL 67 
161 RCL IHB 18 

162 STO 17 
163 1 
164 ST+ 16 
165 XES 62 
166 XEQ 65 
167 DSE 13 
168 GTO 67 
169 27 
176 STO 18 
171 RCL 19 
172 STO 13 
173 RTN 
174 END 
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